Purpose Technology develops at tremendous speed and its impact on our daily life is immense. However, studies have found that older adults are less likely to use technologies than younger people. The purpose of this study was to investigate the gerontechnology acceptance by the older population in Hong Kong. Acceptance was examined in terms of attitude and usage behaviour. Method Using extended Technology Acceptance Model (TAM) which incorporates health abilities and quality of life constructs, we investigated the contributing factors to the use of general gerontechnology by older adults in Hong Kong. Usage behaviour was measured in terms of degree and domains of use. Data in this study were collected at six centres for the elderly in Hong Kong through a questionnaire survey administrated by a structural interview approach. Items in the questionnaire were developed based on the previous research. Results & Discussion A total of 104 seniors, aged between 60 and 91, participated in the study. The Statistical Package for the Social Sciences software was used to analyze the data. The results show that basic technologies such as television and mobile phones had a high level of adoption by the respondents. However, the usage rate of high technology products, like health monitoring system and telemedicine was very low. Generally, older adults had a positive attitude towards gerontechnology, but they thought technological products and services were difficult to use and expensive. Multiple regression results indicated that older adults who were younger, females, better educated, and had higher incomes were more likely to use gerontechnology. Usefulness, ease of use, attitude, and behavioural intention were found to have no direct effects on actual usage. Mobility was negatively related to usage, whereas health satisfaction and participation in social activities increased usage. Implications and suggestions of this study are discussed.
INTRODUCTION
Technology develops at a tremendous rate today and its impact on daily life is immense. Gerontechnology aims to apply technology to deal with problems and difficulties arising from ageing so as to give older people the chance to lead lives that are healthier, more independent and more socially engaged on a continuing basis 1 . The emphasis in gerontechnology is on creating innovative technologies to improve functional capabilities and to compensate for declining physical abilities for the ageing population. Studies have found that although many older people have positive attitudes towards technology, the usage rates for technologies like mobile phones and computers by the seniors are still low [2] [3] [4] .
A lot of research has been done in America and Europe on various aspects of gerontechnology, some of it looking, for example, into the attitudes of older people towards different kinds of technologies like information and communication technology, assistive technology, health technology, and so forth [4] [5] [6] . However, very few similar studies have been conducted in China, even though it has been shown that people from different backgrounds are likely to have different attitudes towards acceptance of technology 7 . Several cross-culture studies have demonstrated that people from different cultures have different perceptions and uses of technologies [8] [9] [10] . It seems very likely then that, due to the many variations in geography, society, and politics between Asia, Europe and America, the usage and perceptions of technology by older adults will be different across the corresponding cultures. A study by Sun and Zhang 11 has confirmed that cultural background could be a constraint affecting the behavioral intention of an individual with regard to technology usage. Currently, most studies on usage of technology by older people have been carried out in Europe and America, but as yet Asian countries, with a large percentage of the older population of the world, have not been widely explored 12 . It is not known to what extent the findings for populations in developed countries can be generalized to the older populations in developing countries. As a result, research aimed at investigating the usage and acceptance of technology by older people in China will be valuable since China accounts for a large proportion of the older population of the world 13 . Technological products and services can be categorized in such terms as, operating difficulties, functionalities and intended uses, etc. Previous research on technology and the older population has generally focused on specific kinds of technology, especially the communication and assistive technologies in the home. Other categories, such as personal mobility and transportation, and education and recreation have been largely neglected 14, 15 .
In order to fill in some of the gaps in the research, this study is directed at examining the acceptance of gerontechnology products and services by older people in Hong Kong. It aimed to find out: (1) the usage rates of different kinds of technological products and services among older people in Hong Kong; and, (2) the factors that influence the acceptance of gerontechnology by older people in Hong Kong. It is hope that this study on the ageing population in Hong Kong will act as a stimulus and basis for further comparative studies in China and other Asia countries.
RESEARCH FRAMEWORK

TAM
Technology acceptance has been described as "the approval, favorable reception and ongoing use of newly introduced devices and systems" 16 . When investigating the acceptance and usage of a technological product or service, the Technology Acceptance Model (TAM) developed by Davis 17 is the most widely used. The TAM was originally designed to forecast the acceptance of information technology. It states that usage behavior is predicted by intention to use (BI) which is dependent on perceived usefulness (PU) and attitude towards using (AT), and attitude is in turn determined by perceived usefulness (PU) and perceived ease of use (PEOU). PU was defined as "the degree to which a person believes that using a particular system would enhance his or her job performance" and PEOU was defined as "the degree to which a person believes that using a particular system would be free of effort." The TAM has been widely used to investigate user adoption of the Internet 3, 18, 19 , mobile phones 20, 21 , assistive or health technologies 22, 23 , and so on. Several meta-analysis studies have proved TAM to be the most-used, powerful and robust predictive model for technology usage [24] [25] [26] . For example, King and He 27 performed over 12,000 investigations within 88 studies of the TAM and concluded that the measurement variables in TAM were reliable and could be utilized in different contexts. Although the TAM exists as a reliable acceptance theory, it suffers from inadequate explanatory power since different contexts and factors will affect the validity of the constructs in TAM 11 . Therefore, it has been suggested that more factors should be incorporated into the TAM when measuring user acceptance of technologies. A number of studies have shown the effectiveness of incorporating moderating factors to increase the explanatory power of TAM. Important among those factors are social norms [28] [29] [30] , trust 31 , compatibility 32 , and self-efficacy 30 .
However, current TAM studies have not considered age-specific factors when examining acceptance of technology by older populations. It is known that with ageing comes related deterioration of physiological and psychological abilities, which will inevitably affect ability to use technology products and services 33, 34 . For instance, decreases in vision and hearing are very likely to hinder seniors in using equipment and technologies that rely on visual and auditory information transfer. Older adults often experience deterioration of muscular dexterity and control, which may cause difficulties when operating small buttons and more complex controls. Older user also requires a longer time to process information. As age increases, memory function decreases, in particularly short-term memory, and this can affect daily living a great deal 34 Procedure A survey questionnaire was administrated to the participants though a structured interview which was done in May and June 2010 in six centres for the seniors in Hong Kong. Since the data collection procedure was done by trained interviewers, all the questionnaires were collected without missing answers.
Measurement
Technology acceptance was examined in terms of attitude and usage behaviour. The measurements were developed based on previous TAM research and comprised of four parts: 1) use of technology products and services; 2) perceptions and attitude about general technology products and services; 3) quality of life and health abilities; and 4) demographic information. Use of gerontechnology was measured in terms of degree and domains of use. Technology products and services were categorized into five domains as suggested by Fozard 15 , which include housing and daily living; communication and governance; personal mobility and transportation; health and self esteem; and work, recreation and self-fulfillment. A total of 22 technology products and services were listed and the degree of use was measured by asking the respondents whether they: 1) have been using the technology product/service; 2) had heard of the technology product/service but not used in the past six months; 3) had not heard of the technology/service. The Cronbach's alpha value for this scale was 0.704. Perception and acceptance of gerontechnology was based on the TAM, which includes the constructs of perceived usefulness, perceived ease of use, behavioral intention and attitude. Perceived usefulness (PU) was defined as the users feeling of improved performance when they use the technology 23, 38 . Perceived ease of use was defined as the strength of one's belief that interacting with the technology product/service would be free of effort. Behavioral intention was measured using a three-item scale. All constructs were measured using a 10-point Likert scale indicating respondents' agreement with the description given by the related sentence. The Cronbach's alpha value for this scale was 0.955. The measurement of the quality of life consisted of self-rated satisfaction with their living environment, financial condition, and satisfaction with life overall. Health abilities were measured by overall health condition, movement satisfaction, learning ability and the frequency of participating in different social activities. The respondents rated their levels of satisfaction on a 10-point scale. The reliabilities of the scales of quality of life and health abilities were 0.887 and 0.738 respectively.
Pilot study
Before the data collection process, a pilot study was conducted in order to ensure the questions were suitable in terms of difficulty, comprehension, length and significance. The questionnaire was administrated to a sample of five respondents selected by convenience sampling in an elderly centre. The test setting mirrored the planned survey test proper setting as closely as possible. The survey instrument was revised based on the results of the pilot study in terms of modifying the wordings, adding/deleting questions, etc.
Data analysis
The Statistical Package for the Social Sciences (SPSS) was used to describe and analyze data for this study. A confidence level of 95% was chosen as the criterion for testing the hypotheses.
RESULTS
Use of gerontechnology
In this study, the respondents' use of different types of technology was investigated. The result is shown in table 2. When gerontechnology products or services were categorized into survival, basic, and high technology; there were clearly different adoption rates between the three types of technology. The adoption rates decreased gradually from survival to basic technology and drastically for high technology.
For products/services in the survival level category, all of the respondents were or had been using television (100%) and majority of them were or had been using the kitchen stove (96.2%), reading glasses (75%), exercise equipments (74%), and walking stick (60.6%). The handle trolley shopping bag had been adopted at a relatively lower rate (21.2%), which might be because the older people did not need purchasing a lot of domestic goods and products and they could carry them without the help of the trolley bag. For the products/services in the basic technology category, some of the products/services were or had been adopted by the respondents, such as public transport (84.6%), mobile phone (76.9%), DVD/VCD/CD player (55.8%), combination lock (55.8%), and security alarm (41.3%). While the digital camera (22.1%), massage chair/equipment (21.2%) and automatic teller machine (ATM) (16.3%) received much lower adoption rates but almost all of the respondents had heard of them. It may be seen that mobile phones had been widely adopted by the seniors for communicating with their children, spouse and friends. Many of the respondents reported that their mobile phones were bought by their children because of its convenience as a means of keeping in touch. When looking at the result for high technology products and services, it is apparent that the respondents did not use those products/services, with the exception of internet/e-Learning/computer games which were adopted by approximately one-third of the respondents (37.5%). The usage rates for other high technology products and services like home automation system, personal digital assistant (PDA), and telemedicine were zero. Moreover, more than 60% of the respondents had not even heard of home automation system, home health monitoring system, GPS and telemedicine. In general, the respondents had accepted and used survival technologies and adopted the basic technologies to some degree. However, they were mostly unaware of or not users of high technology products/services and advances in these technologies, some of which might be of considerable benefit to them. Many of them did not have the knowledge to recognizing the potential usefulness of these products/services to improve the quality of their lives.
Predictors of acceptance of gerontechnology
A composite score was obtained by summing up all the responses on the scale of use of technology. Hierarchical regression was used to examine the factors which contribute to the use of gerontechnology by older adults in Hong Kong. The dependent variable was actual use of gerontechnology. For the first model used here, the independent demographic variables which included age, gender, education, and monthly income were entered into what is called Model 1 here (Table 3) . Then, the variables from the TAM constructs, perceived usefulness, perceived ease of use, attitude toward using, and behavioral intention were added for Model 2. Finally, the constructs of quality of life and health abilities were added for Model 3, which was the most detailed model used here. The results are presented in Table 3 .
The results showed that usage of gerontechnology by older adults in Hong Kong could be predicted by age, gender, education, monthly income, health satisfaction, movement ability, and participation of social activities. These factors jointly explained 80.7% of the variance in actual use of gerontechnology. Age was negatively related to use of gerontechnology, indicating older seniors used fewer technologies than younger seniors. Females were more likely to use technology than males. Education level and income were positively related to usage, which indicated that people with higher levels of education and with more monthly income would use more technologies. Moreover, the TAM constructs, that were perceived usefulness, perceived ease of use, attitude towards using, and behavioral intention, were found to have no direct influences on usage. Therefore, H1.3, H2.2, H3.2 and H4 were not supported. In the TAM, perceived usefulness and perceived ease of use were supposed to jointly determine attitude towards using which then predicts usage intention. For this reason, the hierarchical regressions with the same independent variables were employed to examine the predictors of behavioral intention and attitude. It was found that perceived usefulness and ease of use positively predicted attitude towards using, which confirmed H1.1 and H2.1. Also, usefulness and attitude towards using had positively influences on the behavioral intention to use gerontechnology, and thus H1.2 and H3.1 were supported. Quality of life factors, i.e. living environment, financial satisfaction and life satisfaction did not directly affect usage. Therefore, H5.1, H5.2 and H5.3 were not supported. Health satisfaction and social activities participation were found to positively predict usage, which confirmed H6.1 and H6.4. Older adults who had better health and frequently participated in social activities were more likely to use technologies. Contrary to the expectation of H6.2, movement ability decreased usage, which indicated that people with poor movement ability used more technologies. With regards to learning ability, it did not have direct relationship with usage and thus H6.3 was not supported. 
Verbal responses
Since the structured interview technique was adopted, the opinions and feelings expressed by the respondents during the interview were collected. Table  4 shows the opinions and reasons given by the respondents for not adopting a particular kind of technology product/service. These opinions provided an explanation for the reason that some kinds of technology products/services available nowadays were not accepted by older people in Hong Kong. According to the responses, it may be seen that cost and health problems were major barriers to the use of gerontechnology by the elderly. 
DISCUSSION
Use of gerontechnology
For this study the Technology Acceptance Model (TAM) was expanded to incorporate health abilities and quality of life constructs. Using expanded models, the factors which contribute to the use of general gerontechnology by older adults in Hong Kong were investigated. Data in this study were collected in six elderly centres in Hong Kong through a questionnaire survey administrated though a structured interview approach. One hundred and four respondents aged 60 years and older participated in this study. It was found that survival technologies have particularly high adoption rates, which means the survival level technologies are already embraced by many seniors in Hong Kong. Moreover, basic level technologies were quite widely known and had a moderate adoption rate. The high usage rates among survival and basic technologies could be due to the fact that they had been in use for a relatively long time in society. When a new technology product/service is introduced into a market, it is often identified as hightech (e.g. mobile phone in 80s) and is expensive. However, as time goes by, the technology product/service gradually becomes universal, it is no longer high-tech, the price comes down, and the general public have greater access to the technology. In this research, survival technologies had a particular high adoption rate which may be because many of the survival technologies are related to housing and daily living (e.g. stove, reading glasses), and they are common electrical appliance. The prices of the survival technologies are reasonable and affordable for older users. For basic technologies, the adoption rates varied among different products/services. For example, Automatic Teller Machine (ATM) had quite a low adoption rate. Many of the respondents reported that they had used ATMs, but they had bad experiences with them. Respondents said that they found it hard to see the words or comprehend the meaning of the messages shown on the monitor due to visual problems or illiteracy. A majority of the respondents expressed concern about safety and security problems. They claimed that they have had a card confiscated by an ATM and this caused them fear of using an ATM again. This concern about safety and security issues has also been reported in a previous study 20 .
The findings showed that a majority of the respondents had used or were using mobile phones. This widespread use may be attributed to the relatively low price of mobile phones nowadays due to the rapid advances and spread of mobile technology. Previous research has shown that for seniors, ease of use and price are the factors that concern them most when purchasing a mobile phone 2, 40 . Also, local marketing has exploited the seniors' market by introducing mobile phones with simple, useful functions like a safety alarm, and prices are reasonable which suits the budget of seniors. Local telecommunication companies also have introduced special lower price plans for the aged. For high technologies the adoption rate was much lower than for survival and basic technologies. High technologies are by definition involve innovation and the users often have to exert considerable effort to learn new skills to use new products/services. As suggested by Bouma et al. 14 , seniors often have difficulty in adopting new technologies and learning new skills because they become accustomed to a routine way of life over a long time and they may not perceive these high technologies to be useful. Also, when they were young the rate of change was much slower and people did not expect to adopt some new technology every few years. Furthermore, the aged experience deterioration of perceptual and cognitive abilities which can greatly affect their performance and interaction with equipment. The ability to understand things and to learn decrease with age, and information processing time is longer, all of which creates extra burdens and barriers to taking up new technologies.
Perceptions and acceptance towards technology
The perception and acceptance of older people with regard to gerontechnology was measured using the Technology Acceptance Model (TAM 5, 18 . However, outside the expectations here were the results that perceived usefulness, perceived ease of use and attitude towards use were not directly related to actual use. The direct relationship expected between behavioral intention and actual usage was also not found, and this result differs from the findings of previous research 29, 44 .
Turner 44 performed a systematic literature review of 79 relevant empirical studies in 73 articles using vote-counting meta-analysis, and found that perceived usefulness and perceived ease of use were not so likely to predict actual usage, and this is consistent with our finding. The non-significant relationship found here between behavioral intention and actual usage might be due to some ambiguity in the questions, in that, the measures of intention of use and actual usage did not specified the type of technology. The self-reported usage may also be another reason for the inconsistency. Self-reported usage can be subject to method bias, and this will distort the result which might, therefore, not represent actual usage behavior 45 . 50 . Social factors also contribute to the development of the necessary motivation to learn about and to use technology 51 .
Contrary to expectation, movement ability deceased actual usage. A possible explanation might be that, included in the measurements here were mobility technologies, such as walking stick, trolley bags and mobile phones, which were mainly used to compensate for lack of mobility. Also, technologies like telephones, computers and online-shopping can benefit people with poor movement ability by reducing the need or frequency for trips out. Therefore, people with less mobility might benefit more by use of those technologies.
Other factors
In this study, some additional factors affecting the acceptance of technology by older users were elicited through the interviews. Cost was found to be related to use of technology. As suggested by Mallenius 40 , the price of a product/service is an important consideration for seniors. The cost of a product includes the first costs (i.e. purchase cost) and the long term cost such as maintenance and repair expenditure. The cost of purchasing new technologies and the monthly service fee of maintaining the services (e.g. security alarm) could be barriers to some older users.
The respondents said that they often feel anxiety about using technology and are afraid of making mistakes they could not correct. Older adults tend to worry about handling new technologies and avoid them because of the fear of making mistakes. For instance, respondents reported that they were frightened that they would forget their password when using an ATM. They were also afraid that they might misuse and therefore damage domestic appliances.
CONTRIBUTIONS AND LIMITATIONS
This study examined the factors affecting acceptance and use gerontechnology by the ageing population in Hong Kong. It aimed to increase understanding about the design and effectiveness of technology to improve the quality of life for seniors. The present study has some theoretical and practical contributions and intends to raise the awareness of technology impacts on the ageing population in Hong Kong. It was found that health satisfaction positively predicts actual usage of gerontechnology. This result suggests that designers should determine whether older users are able to withstand the physical and psychological demands made by the product/service they will use. For example, with age comes a gradual and inevitable decline in physiological functioning particularly in sensory systems which include vision, hearing, and thermal comfort. Other problems that older people often encounter are difficulty in movement and decreased physical strength and endurance. Gerontechnology products have to be usable by the targeted users to serve its stated purposes in the intended environment. The strengths and limitations of the targeted users should be accommodated and the users should feel little or no fatigue or discomfort when they use gerontechnology. The respondents here found technology products/services difficult to use. This may be because product designers do not consider the needs and characteristics of the ageing population in product design. The needs of older consumers are rarely considered and basic human factors are often overlooked since product developers tend to create products with the best attributes and functionalities of the product in mind, not the needs of the user. If developers put more emphasis on basic attributes when designing a product/service, it may give them a good opportunity to open their market for the aged who are rapidly increasing as a proportion of the population in many countries. This could be done by a user based assessment approach in the early stages of design. The cost of the gerontechnology products and services was a major concern for older users. Moreover, the time required to obtain, set up and learn the usage skills for a product/service, are also costs for the user. These costs associated with a product have to be justified by its performance and benefits. This is vital because many of older people do not have strong financial support. Governments and developers may help here by providing some preferential arrangements, such as subsidizing technology usage activities, or establishing more facilities in communities and public locations, in order to encourage older people to make greater use of gerontechnology. In this study, there were several limitations. Firstly, the survey relied on a convenience sample. Therefore, any generalization of the results should be done with caution. Further study may use random sampling with a larger sample size. Secondly, this research investigated a generic point of view on technology acceptance. It did not focus on the acceptance of a particular technology product/service. Further studies could employ a more specific approach. Thirdly, self-reported usage was employed and further study may consider more objective measures.
